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HIRFLHIRFL--CSR LayoutCSR Layout
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RIB physicsRIB physics
(With Radioactive Ion Beams)(With Radioactive Ion Beams)

Researches of hot nucleiResearches of hot nuclei
(With high(With high--energy beams)energy beams)

Atomic physicsAtomic physics
(With highly charged heavy ions)(With highly charged heavy ions)

Related applicationsRelated applications

Physics Program of CSRPhysics Program of CSR



CSR major parametersCSR major parameters

CSRm CSRe 

rcumference (m) 161.0014 128.8011 

verage radius (m) 8RSSC=34RSFC=25.62416 4/5RCSRm=20.499328 

eometry Race-track Race-track 

ax. energy (MeV/u) 
2800 (p) 
1100 (C6+) 
500 (U72+) 

2000 (p) 
750 (C6+) 
500 (U92+) 

ρ (Tm) 0.81/12.05 0.50/9.40 

(T) 0.10/1.60 0.08/1.60 

amping rate (T/s) 0.05 ~ 0.4 -0.1 ~ -0.2 

epeating circle (s) ~17 (~10s for Accumulation ) 

cceptance  Fast-extraction mode Normal mode 

     A h (π mm-mrad) 200 (∆p/p = ±0.3 %) 150 (∆p/p =±0.5%) 

     A v  (π mm-mrad) 40 75 

     ∆p/p (%) 1.4  
(εh= 50 π mm-mrad) 

2.6 
(εh= 10 π mm-mrad) 

 CSRm CSRe 

E-cooler    

   Electron energy (KeV) 35 300 

   Eff. cooling length (m) 3.4 3.4 

RF system    Accel.    Accum. Decelerati

   Harmonic number     1     16, 32,64 1   

   fmin/fmax (MHz) 0.24/1.81  6.0 / 14.0 0.4 / 2.0

   Voltages (n × kV)  1 × 7.0    1 × 20.0 2 × 10.0

Vacuum (mbar)   (3.0 × 10-11) 



CSR Operation SchemeCSR Operation Scheme



CSRmCSRm Lattice LayoutLattice Layout

TargetTarget



CSRmCSRm Lattice ModesLattice Modes

Fast extraction (Normal mode)                                        
2.8GeV (P), 1.1GeV/u (12C6+), 500MeV/u (238U72+)
Providing beams for CSRe
External-target exp., Producing RIB, 

Slow extraction                                              
1GeV/u (12C6+, N, O)
External-target exp., Cancer therapy research

Internal target (Unsymmetrical)
2.8GeV (P), 1.1GeV/u (12C6+)
Internal-target experiments



Twiss Functions of CSRm

Slow-extraction Mode

Fast-extraction Mode

Internal-target Mode
Unsymmetrical
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E-cooler

E-coolerTarget



Useful aperture of Useful aperture of CSRmCSRm

Dipole Quadruple 

140 × 60 mm2 160 × 100 mm2 

BMax. = 1.6 T KMax. = 11 T/m 
 

Beam Acceptance 
 Fast-extraction Mode Slow-extraction Mode Internal-target Mode 

Ah=200 π mm-mrad (∆P/P=±0.3%) Ah=200 πmm-mrad (∆P/P=±0.3%) Ah=150 π mm-mrad (∆P/P=±0.3%) 

Av=40 π mm-mrad Av=30 π mm-mrad Av=30 π mm-mrad 

∆P/P=1.4% (εh=50 π mm-mrad) ∆P/P=1.4% (εh=50 π mm-mrad) ∆P/P=1.3% (εh=50 π mm-mrad) 



CSRmCSRm injection schemeinjection scheme

C, N, O, F, Ne, Ar, Ca,  A≤40,    E = 7---10 MeV/u

SFC  + CSRm

Kr, Xe, Ta, Au, Pu, U,   A > 40,    E = 10---25 MeV/u

SFC  + SSC + CSRm



CSRmCSRm beam accumulation schemebeam accumulation scheme

Three injection modes will be chose,
1) Stripping injection (A≤20) + E-cooling →→ I=1010 

2) MMI + RF stacking + E-cooling (20≤A≤40) →→ I=109

3) MMI + E-cooling (A>40) →→ I=107

2.0

14

Time (s)

Extr.

CSRm

Inj. Accum. cooling

B (kG)

10 17

Accel. (~ 3s)



Injection section of Injection section of CSRmCSRm

Move away while STI



Orbits of the stripping injection in Orbits of the stripping injection in CSRmCSRm



Orbits of the Multiple MultiOrbits of the Multiple Multi--turn Injection in turn Injection in CSRmCSRm



OOrbits of the MMI+RF stacking inrbits of the MMI+RF stacking in in CSRmin CSRm



Extraction section of Extraction section of CSRmCSRm

Fast extraction to CSRe or external targets

Slow extraction to external targets



Orbits of the beam fast extraction in Orbits of the beam fast extraction in CSRmCSRm



Orbits of the slowOrbits of the slow--extraction with 1/3 resonance in CSRmextraction with 1/3 resonance in CSRm

Blue one is the CO before resonance; the others are the orbits of the last three turns)



CSRe lattice layout



Three Lattice Modes of CSRe
 Internal-Target Mode 

Small β-amplitude in target point  
Large transverse acceptance for internal-target experiments 

Ah=150πmm mrad, Av=75πmm mrad  
 

  Normal Mode 
Large momentum acceptance, ∆P/P = 2.6% 

For high-precision mass spectroscopy 
 

  Isochronous Mode 
Small transition γtr = Beam energy γ of several hundred MeV/u  

For the mass measurement of the short-life-time RIB with TOF. 



Twiss Functions of CSRe

Internal-Target Mode

Normal  Mode

Isochronous Mode



SingleSingle--turn injection orbit of turn injection orbit of CSReCSRe
Beams from beamBeams from beam--line withline withΔΔP/P~P/P~±±1% can be accepted1% can be accepted



Useful aperture of Useful aperture of CSReCSRe

Dipole Quadruple 

220 × 70 mm2 280 × 140 mm2 

BMax. = 1.6 T KMax. = 7 T/m 
 

Beam Acceptance 
Internal-Target Mode Normal Mode Isochronous Mode 

Ah=150 π mm-mrad (∆P/P=±0.5%) Ah=150 π mm-mrad (∆P/P=±0.5%) Ah=20 π mm-mrad (∆P/P=0.7%) 

Av=75 π mm-mrad Av=80 π mm-mrad Av=20 π mm-mrad 

∆P/P=2.0% (εh=10 π mm-mrad) ∆P/P=2.6% (εh=10 π mm-mrad) ∆P/P=0.7% (εh=20 π mm-mrad) 



CSRmCSRm--dipole Fabricationdipole Fabrication

Angle=22.50,  Radius=7.6m



CSRmCSRm--Quadruple FabricationQuadruple Fabrication

L=0.5m, 0.65m, Ф=170mm



Special magnets of CSRm

mpmp

SS

CC

SeptuSeptu



Static-electric septum (Injection)

L = 2 m,  Vmax.= 160 kV



PS for quadruple

Ripple ~ 5×10-6 , <1kHz



UHV System of CSR

Baking oven

Bake-out temperature: 250°C, Pressure:  1.1 ×10-11 mbar

CSRm-dipole chamber Pump chamber

Pre-assembling Baking jacket for dipole

Heater, 2mm

Insulator, 3.5m



CSRm e-cooler (35KeV)
CSRm e-cooler (35kV)



Ucontrrol/Uanode= 0.6/0.9 kV              Ucontrrol/Uanode= 0.3/0.9 kV                     Ucontrrol/Uanode=0.2/0.9 kV

Ucontrrol/Uanode=0.1/0.9 kV                Ucontrrol/Uanode= 0.05/0.9 kV                     Ucontrrol/Uanode= 0/1.4 kV

Ucontrrol/Uanode= –0.2/2.8 kV          Ucontrrol/Uanode= -0.4/2.8 kV                   Ucontrrol/Uanode= –0.6/2.8 kV

Electron beam distribution for different voltage on the control electrode and the anode
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CSReCSRe EE--CoolerCoolerCSRe E-cooler (300kV)



CSRmCSRm RFRF--cavity for accelerationcavity for acceleration

CSRmCSRm RFRF--cavity for accelerationcavity for acceleration

f = 0.24 ~ 1.81  MHz
V.= 7 kV



CSRmCSRm RFRF--cavity for accumulationcavity for accumulation
CSRmCSRm RFRF--cavity for accumulationcavity for accumulation

f = 6 ~ 14  MHz
V.= 20 kV



InternalInternal--target of target of CSReCSRe
InternalInternal--target of target of CSReCSRe



Injection-line bended underground

Injection beam-line bended to the storage-ring level



CSRm injection-line channel
SRm injection-line channel



Enter of CSRm
Enter of CSRm



CSRm HallSRm Hall



CSRm Installation Status



Power Supply

Total Net Power: 12MW

Power-supply system



Cooling-water towerCooling-water tower (1500t/h )



Measurements for the Measurements for the CSRmCSRm--dipoledipole
Measurements for the Measurements for the CSRmCSRm--dipoledipole



Results of Results of CSRmCSRm--dipoledipole

0 500 1000 1500 2000 2500 3000 3500
I (A)

 BL/T.m

-1.0 -0.5 0.0 0.5 1.0

-0.0005

-0.0004

-0.0003

-0.0002

-0.0001

0.0000

0.0001

0.0002

0.0003

0.0004

I=151.91A B=0.0969T

nomalized position

re
la

tiv
e 

di
st

rib
ut

io
n

CSRm    Dipole     02 

B = B0 ( a0 + a1*X + a2*X^2 + a3*X^3 + a4*X^4 +
Harmonic Value Error
------------------------------------------------------------
a0 -1.74524E-7 4.40683E-7
a1 3.19503E-4 1.73456E-6
a2 -3.22787E-4 2.59587E-6
a3 2.6118E-5 6.43082E-6
a4 2.51101E-4 2.72174E-6
a5 2.91897E-5 5.30893E-6
------------------------------------------------------------

R-Square(COD) SD N P
------------------------------------------------------------
0.99997 1.26213E-6 29 <0.0001

BLBL--I curveI curve Width of the BWidth of the B--fieldfield at 150Aat 150A (Injectio



MultipoleMultipole components in components in CSRmCSRm--dipoledipole
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Reproducibility of Reproducibility of CSRmCSRm--dipoledipole
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Measurements for the Measurements for the CSRmCSRm--quadrupolequadrupoleMeasurements for the Measurements for the CSRmCSRm--quadrupolequadrupole



Results of Results of CSRmCSRm--quadrupolequadrupole
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ScheduleSchedule
1993 -----1996           Proposal
1998.7                       Approved
1997 ----- 2001           R&D, Prototype
1999 ----- 2004           Construction & Fabrication
2003 ----- 2005           Installation 
2004.5-7                     Inject first beam  in CSRm

2005                           First commissioning



CC4+4+ Injection  for Injection  for thethe CSRmCSRm 1st1st--commissioningcommissioning

C4+

C4+- 7 MeV/u,  
Peak:3puA(12uA)

1.52547 T

Stripping injectio
C4+--- 7 MeV/u, 

Peak: 2puA
20π mm-mrad
ΔP/P < ± 0.5%

Stripper
ECR

C6+
0.1003

Chopping
Top: 1~5ms

Switching
Top: 1~5ms

Collimating



CSRmCSRm
statusstatus

Installation, kicker on fabricationInject. & Extra. elements

InstallationWater & Power
On goingControl
On goingAlignment
Test & assemblingDiagnosis

Off-line operationE-cooler
Off-line tuningRF
Prepare bakingVacuum
Installation & tuningPS
Installation, ramping measurementsMagnet
StatusSub-system

2004.03.18



Thank
s



CSRe can be used as a high resolution
Mass SpectrometerMass Spectrometer

 Normal  mode :  γ ≠ γtr ~ 2.624  

   For those long lifetime nuclei ( >5s) 

E-cooling    +  Schottky Diagnosis  
 

( ∆P/P ~ 10-6 )     ( Revolution frequency spectrum ) 

Rq
-1  ~  4 × 10-6 

Momentum Acceptance :   ∆P/P =  2.6 % 

2)  Isochronous mode : γ = γtr ~ 1.395  ( E = 370MeV/u

For those short lifetime nuclei (μs ) 

10 turns ~ 1km   tflight ~ 5µs 

Time-Of-Flight --------→ ∆t/t  ~   10-5

Momentum Acceptance :   ∆P/P =  0.7 %   

2 2 2

1 1( ) 1 ( / )
/t

rev

rev t

df dP d m q
f P m qγγ γ
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Lattice parameters of Lattice parameters of CSRmCSRm
 Fast extraction mode Slow extraction mode Internal-target mode 

Transition gamma γtr = 5.418 γtr = 5.168 γtr = 5.119 

Betatron tune Qx / Qy = 3.64 / 2.61 Qx / Qy = 3.63 / 2.61 Qx / Qy = 3.695 / 2.73 

Natural chromaticity yx QQ ′′ /  = -3.17 / -5.37 yx QQ ′′ /  = -3.05 / -5.34 yx QQ ′′ /  = -3.73 / -5.78 

Max. β-Amplitude 
βx/βy =12.1/13.5 m (Dipole) 

βx/βy =15.4/30.5 m (Quadruple) 

βx/βy =11.2/17.5 m (Dipole) 

βx/βy =13.5/32.2 m (Quadruple) 

βx/βy =15.0/17.5 m (Dipole) 

βx/βy =17.5/35.6 m (Quadruple) 

Max. Dispersion 
Dmax(x)=3.7m(Dipole, βx=7.0m) 

Dmax(x)=5.4m (Quad. , βx=10.0m) 

Dmax(x)=3.2 m (Dipole, βx=10.4m) 

Dmax(x)=4.6m (Quad. , βx=8.0m) 

Dmax(x)=4.3m (Dipole, βx=7.0m) 

Dmax(x)=5.7m(Quad. , βx=8.0m) 

Injection section 
βx= 8.0 m , Dx = 4.1 m (Septum) 

βx= 9.7 m, Dx =3.9 m (Quadruple) 

βx= 10.0 m, Dx = 4.0 m (Septum) 

βx= 11.9 m, Dx = 3.9 m (Quadruple) 

βx= 10.0 m , Dx =4.1 m (Septum) 

βx= 11.4m, Dx = 4.1 m (Quadruple) 

E-cooler section βx/βy = 10.0/16.7 m , Dx = 0 βx/βy = 10.0/17.0 m , Dx = 0 βx/βy = 8.2/8.3 m , Dx = 0 

Target  βx/βy = 10.0/16.7 m , Dx = 0 βx/βy = 10.0/117.0 m , Dx = 0 βx/βy = 3.0/3.5 m , Dx = 0 

RF station section βx/βy = 8.0/7.2 m , Dx = 4.0m βx/βy = 10.0/6.4 m , Dx = 4..0m βx/βy = 14.0/15.0m , Dx = 3.4m 

 



Lattice parameters of Lattice parameters of CSReCSRe
 Internal-target mode Normal mode Isochronous mode 

Transition gamma γtr = 2.457 γtr = 2.629 γtr = 1.395 

Betatron tune Qx / Qy = 2.53 / 2.57 Qx / Qy = 2.53 / 2.57 Qx / Qy = 1.695 / 2.72 

Natural chromaticity yx QQ ′′ /  = -3.70 / -3.55 yx QQ ′′ /  = -3.10 / -3.74 yx QQ ′′ /  = -1.57 / -3.25 

Max. β-Amplitude 
βx/βy =25.7/8.7 m (Dipole) 

βx/βy =43.0/20.4 m (Quadruple) 

βx/βy =17.6/8.2 m (Dipole) 

βx/βy =30.9/22.3 m (Quadruple) 

βx/βy =28.1/12.2 m (Dipole) 

βx/βy =41.2/36.4 m (Quadruple) 

Max. Dispersion 
Dmax(x)=7.9m(Dipole, βx=14m) 

Dmax(x)=9.4m (Quad. , βx=16m) 

Dmax(x)=6.5 m (Dipole, βx=13m) 

Dmax(x)=7.8m (Quad. , βx=16m) 

Dmax(x)=18.5m (Dipole, βx=28m) 

Dmax(x)=21.2m(Quad. , βx=34m) 

Injection section 
βx= 30.8 m , Dx = 0 m (Septum) 

βx= 31.4 m, Dx =0 m (Quadruple) 

βx= 30.4 m, Dx = 0 m (Septum) 

βx= 30.9 m, Dx = 0 m (Quadruple) 

βx= 40.8 m , Dx = 0 m (Septum) 

βx= 41.2m, Dx = 0 m (Quadruple) 

E-cooler section βx/βy = 12.9/16.5 m , Dx = 0 βx/βy = 12.5/16.0 m , Dx = 0 βx/βy = 2.6/10.5 m , Dx = 0 

Target  βx/βy = 3.0/1.7 m , Dx = 0 βx/βy = 5.4/1.5 m , Dx = 0 βx/βy = 20.8/1.0 m , Dx = 17.7m 

RF station section βx/βy = 4.0/8.3 m , Dx = 4.6 βx/βy = 4.0/8.4 m , Dx = 4.5 βx/βy = 19.0/11.5m , Dx = 15.0m 

 



Parameters of the beam accumulation in CSRmParameters of the beam accumulation in CSRm

0.10.10.10.11~5Injection pulse (ms)

1×1065×1064×1082×1091.5×109Particles
5552.830Gain factor of MMI
101010103Period (s)

10025010001002500Cooling cycle (ms)

MMIMMIMMIRFSSTIMode
15%19%68%Efficiency of stripping

2×1041.5×1051×1071×1075×107Particles / Turn
6×1096×10103×10123×101212×1012Current (pps)
0.010.010.50.52Peak current (pμA)
102010107Energy (MeV/u)

SSCSSCSFCSFCSFCInjector
U72+Xe48+O7+O7+C4+



WhatWhat’’s functions of es functions of e--cooling in CSRcooling in CSR
Accumulating heavy ion beam in CSRm

Cooling beam during the three injection mode.

Cooling beam in CSRe
Compensating the emittance growth 

During internal-target experiment.

Obtaining  ∆P/P~10-6 in CSRe
For the high-resolution mass spectrometer.



Major parameters of e-coolers

Parameters CSRm CSRe 
Ion Energy  [MeV/u] 
Electron Energy  [keV] 

8-50 
4-35 

25-400 
10-300 

Electron beam current  [A] 3 (1.0A@5.5keV) 
Cathode radius  [cm] 1.25 1.25 
Magnetic expansion factor 1- 4 1- 10 
Max. Field in gun region  [kG] 2.4 5 
Magnetic field in collector region  [kG] 1.2 1.2 
Magnetic field at cooling section  [kG] 0.6-1.5 0.5-1.5 
Length of installation  [m] 7.2  7.2 
Effective cooling section length  [m] 3.4m 3.4m 
Deflection angle of toroid  [Deg.] 90° 90° 
Deflection radius of toroid  [m] 1.0 1.0 

CSRm e-cooler

CSRe e-cooler



A new electron gun

The electron gun with cathode, control electrode and anode.



Width of the BWidth of the B--fieldfield at high levelsat high levels
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CSRm    Dipole     02 

B = B0 ( a0 + a1*X + a2*X^2 + a3*X^3 + a4*X^4 + a5*X^5 )
Harmonic Value Error
------------------------------------------------------------
a0 -4.91844E-6 1.22335E-6
a1 4.70767E-4 4.81518E-6
a2 -1.46637E-6 7.2062E-6
a3 1.14984E-4 1.78521E-5
a4 -4.0679E-4 7.55562E-6
a5 4.79778E-6 1.47377E-5
------------------------------------------------------------

R-Square(COD) SD N P
------------------------------------------------------------
0.99992 3.50371E-6 29 <0.0001
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I=3015.58A B=1.6583T

CSRm    Dipole     02 

B = B0 ( a0 + a1*X + a2*X^2 + a3*X^3 + a4*X^4 
Harmonic Value Error
------------------------------------------------------------
a0 -1.07563E-5 2.47824E-6
a1 6.55633E-4 9.75453E-6
a2 0.00122 1.45982E-5
a3 1.11329E-4 3.61646E-5
a4 -0.00133 1.53061E-5
a5 -2.21105E-5 2.98555E-5
------------------------------------------------------------

R-Square(COD) SD N P
------------------------------------------------------------
0.9998 7.09777E-6 29 <0.0001

3000A3000A


